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MEASUREMENT 
Development of a Scintil lation Detec tor for fast Ion Counting 
in a Mass S p e c t r o m e t e r *) 
Genera l R e m a r k s 
All informat ion c a r r i e d by the ion beam in a m a s s s p e c t r o -
m e t e r might be exploited to i t s fullest extent, if one had a means of 
counting the ions faithfully. Th is r e q u i r e s a de tec to r with good t ime 
resolu t ion and accu ra t e ly p red ic tab le d e a d - t i m e - l o s s e s , faithfull r e s -
ponse , and a good s igna l - to -no i se ra t io . At p r e sen t , no c o m m e r c i a l -
ly avai lable de tec to r is known to be fully sa t i s fac tory for the detec t -
ion of 3 kV heavy ions . The s tandard de tec to r for low intensi ty ions 
beams is an open e lec t ros ta t i ca l ly focused secondary e lec t ron mul t i -
p l i e r . This de tec to r works reasonably wel l if the anode cu r r en t i s 
in tegra ted and r eco rded in analog form or digit ized subsequent ly . When 
the anode c u r r e n t exceeds about 1 ua, n o n - l i n e a r effects occur , which 
have a long t ime constant . The accu racy on sma l l s ignals i s l imited 
through the s t a t i s t i ca l sp read in the n u m b e r of ions p e r t i m e constant 
of the detect ing sy s t em, as well a s by ampl i f ie r and de tec to r no i se . 
Ampl i f ier no i se i s usual ly négl igeable , the s t a t i s t i ca l sp read can be 
accounted for by subsequent data p roces s ing . De tec to r no ise i s ma in -
ly p r e s e n t in "d i r t y " m u l t i p l i e r s , and may be reduced by cleaning 
through high vacuum bake-ou t . 
When anode c u r r e n t i s in tegra ted before it i s p r o c e s s e d , 
va r i a t i ons in mul t ip l i e r gain affect the resu l t d i rec t ly . In isotope 
ra t io m e a s u r e m e n t s , only modera t e ly s h o r t - t i m e fluctuations i n t e r -
f e r e , occur r ing in a t ime comparab le with the dura t ions of one scan . 
Such deviat ions have been obse rved with anode c u r r e n t s above about 
1 ua . However , exper ience shows that reproduc ib i l i t i es of 0 .3 - 0 .5% 
may be obtained with an open mul t ip l i e r and analog record ing . 
*) Manuscript r ece ived on 22 October 1970 
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F o r d i rec t ion counting, the open mul t ip l ie r is not pa r t i cu ­
l a r ly sui ted. With the f i r s t dynode at negat ive HT (about - 2 kV for a 
17-stage mul t ip l i e r ) , the ions hit it with about 5 keV energy (3 kV a c ­
ce le ra t ion + the negat ive mul t ip l i e r vol tage) . At th is energy, the con­
ve r s ion factor at the f i r s t dynode *W = the mean n u m b e r of e l ec ­
t r o n s p e r impinging ion) i s about 2 - 3 . The counting l o s se s due to 
ions not re leas ing any secondary e lec t ron f rom the f i rs t dynode, a r e 
/ v2) roughly exp \~Ί)) . Any fluctuations in ^a f f ec t the observed counting 
r a t e , they affect the in t eg ra l mul t ip l i e r gain in a m o r e s e r ious man­
n e r , however . 
A fur ther l imita t ion of the usefulness of the avai lable 17-
s tage mul t ip l i e r ' l i es in the fact, that it cannot be opera ted over 
apprec iab le per iods of t ime at a gain of m o r e than about 1 χ 10 , 
a s th is causes a rapid d e c r e a s e in pe r fo rma nc e . The bes t 100 M c / s 
pu lse p reampl i f i e r that was avai lable for the p r e sen t invest igat ion, 
allowed the d i s c r i m i n a t o r th resho ld to be set equivalent to an input 
6 charge of 10 e lec t rons p e r pulse , thus requi r ing an in t eg ra l cu r r en t 
¿ 7 
gain of substant ia l ly m o r e than 10 . Operat ion at a gain of 10 a p -
pea red to reduce the mul t ip l i e r life to 3 weeks . 
It should be noted, however , that sa t i s fac tory ion counting 
might a lso be poss ib le with an open mul t ip l i e r , in which the number 
of s tages has been i n c r e a s e d to furnish a sufficient gain without ex-
ce s s ive gain p e r s tage . It r ema ins to be invest igated how much of the 
de te r io ra t ion at high gain is due to excess ive output c u r r e n t s , which 
r ema in unaffected by dis t r ibut ing the requ i red gain over a l a r g e r 
n u m b e r of s t ages . 
+) 17-Stage open mul t ip l ie r in A t l a s - CH-4 m a s s s p e c t r o m e t e r . 
The main just i f icat ion for using a scint i l la t ion de tec to r for 
ion counting is founded on the m o r e favorable pulse height d i s t r ibu-
t ion at i t s output, when compared with a s tandard open mul t ip l ie r 
de tec to r . This difference is p r i m a r i l y due to the h igher convers ion 
ra t io from ions to secondary electrons,*>7 , as a consequence of the 
h igher ion energy on impact on the convers ion e lec t rode . 
Scinti l lat ion Detec tor (Daly-Type ) ' 
P r i n c i p l e of Operat ion 
After pass ing through the grounded col lec tor defining sl i t , 
the posi t ive ions a r e deflected sideways onto a convers ion e lec t rode 
at a high negat ive potent ia l . The resul t ing secondary e lec t rons a r e 
a c c e l e r a t e d onto a sc in t i l l a to r at ground potent ia l , which is incorpor-
ated in the wall of the vacuum chamber . The scint i l la t ions genera ted 
by t he se e lec t rons a r e detec ted by a c o m m e r c i a l photomultiplie r out-
s ide the vacuum. The design co r r e sponds roughly to F i g . 1, without 
i t e m s 7, 8, 9, 10, 13, 15 and 16. 
This a r r a n g e m e n t offers the advantage, that the ions i m -
pinge on the convers ion e lec t rode with a cons iderably h igher energy 
than on the f i r s t dynode of an open mul t ip l i e r . With a convers ion 
voltage of -50 to -60 kV, the mean n u m b e r of e lec t rons p e r heavy 
ion of 3 keV e n e r g y , ^ , i s about 8. The n u m b e r of phot o elect ron s 
f rom the photomul t ip l ie r cathode is of the o r d e r of 100 p e r incident 
ion, so that essent ia l ly no fur ther counting l o s s e s occur , once at leas t 
one secondary e lec t ron is ejected from the convers ion e lec t rode . The 
photomul t ip l ie r da rk cu r r en t can eas i ly be d i sc r imina ted . Cont ra ry 
to the open mul t ip l i e r , the gain of the sea led photomult ip l ier i s unaf-
fected by organic contaminat ion of the de tec to r . The c o m m e r c i a l pho-
tomul t ip l i e r can be exchanged eas i ly , without breaking the vacuum. 
The (plastic) sc in t i l l a tor is a luminized on the side facing 
the vacuum for t h r e e r e a s o n s : 
a. It is e s sen t i a l that a conducting l ayer be p re sen t to elim-
inate the charge of the impinging e l ec t rons , 
b . The-a lumin ium coating nea r ly doubles the gain, by reflect-
ing the light, that goes in the wrong d i rec t ion , back onto the photo-
mul t ip l i e r , 
c. The a luminium coating reduces the vapor iza t ion of the 
sc in t i l l a to r into the vacuum. 
F o r ve ry low counting r a t e s only, cons idera t ion c. could 
be c i rcumvented by using a g lass sc in t i l l a tor , which offers the ad-
dit ional advantage of being bakeable at high t e m p e r a t u r e , w h e r e a s 
the p las t ic sc in t i l l a tor softens at 80 C. However , only fast p las t i c 
sc in t i l l a to r s offer sufficiently shor t decay t i m e s to allow counting 
r a t e s over 1 M c / s with acceptable dead t i m e c o r r e c t i o n s . 
The a luminium coating should be thick enough to reflect 
blue light essen t ia l ly complete ly , yet not t h i cke r than n e c e s s a r y , 
such a s to l imit e lec t ron energy loss in the a luminium. The opt imum 
is said to be around 500 A. This gives about 80 % reflect ion at 
3) 
400 nm and 5-10 keV energy l o s s . ' 
Modification of the Daly design to detect 3 keV ions . 
The Daly design ' cons is t s of a negat ive convers ion e lec -
t r o d e , off-axis in an o the rwise grounded environment . A high*» is 
obtained using oblique incidence and an impac t energy of about 40 
keV. 
A s i m i l a r a r r a n g e m e n t was bui l t . It worked well with Xe -
ions of at l ea s t 8 keV energy, applying - 30 kV to the conversion 
e l ec t rode . When the geomet ry i s to be re ta ined, such as to re ta in 
oblique incidence, lowering the ion energy n e c e s s i t a t e s a p ropor t iona l 
reduct ion of the convers ion vol tage . With 3 keV ions and -11 kV con-
ve r s ion vol tage, ti will be reduced to a value close to what i s obtain-
- 7 -
cd in an open mul t ip l i e r . The gain of the a s s e m b l y is dec rea sed 
far m o r e d ra s t i ca l ly , however , as the a luminium coating on the 
sc in t i l l a to r abso rbs a fixed amount of energy of about 5-10 keV. 
Under these condit ions, s e r ious in t e r f e rence was observed from the 
photomul t ip l ier da rk c u r r e n t . 
A h igher convers ion voltage could poss ibly be re ta ined, 
when the convers ion e lec t rode would be r e t r a c t e d fur ther away from 
the unper tu rbed ion t r a j ec to ry . This poss ib i l i ty has not been t e s t ed . 
As a m o r e elegant solution, an a r r a n g e m e n t was rea l i zed 
and t es ted , in which the convers ion e lec t rode was sur rounded by a 
cup at an in t e rmed ia t e potent ia l . This a r r a n g e m e n t provides a for-
ward acce le ra t ion to the ions on enter ing the cup. It reduces the 
field emiss ion from the convers ion e lec t rode by reducing the field 
s t reng th . F ina l ly , the entry a p e r t u r e ac ts as a two-e lement converg-
ing l e n s . A schemat ic r ep re sen t a t i on of the modified de tec to r is 
given in F i g . 1. 
E x p e r i m e n t a l Appara tus 
Mass S p e c t r o m e t e r 
The de tec to r was built for a CH-4 Mass Spec t rome te r 
(At las Werke, B r e m e n / G e r m a n y ) , which is a 60 sec to r ins t rument 
with the ion beam in a v e r t i c a l p lane. Its pe r fo rmance was t es ted 
+ + 
with Xe - ions produced by e lec t ron impact , a s wel l as with Re - , 
+ + 
W - , and U - ions from t h e r m a l ionization. In a l l c a s e s , the ion a c -
ce le ra t ion voltage was 3 kV. Although the de tec to r output could a lso 
be in tegra ted , and displayed through the s tandard DC-ampl i f ie r on an 
analog s t r ip char t r e c o r d e r , most of the tes t ing was done by counting 
the ions d i rec t ly . Detai ls of the counting and data collection sys tem 
a r e given below. 
- 8 
High voltage suppl ies 
The negat ive convers ion voltage of up to -60 kV was taken 
from a Brandenburg Model 906 supply (Brandenburg Ltd, South 
Croydon, Sur rey , England). The s tabi l i ty of + 0 .4 % as well as the 
cu r r en t of 0 .4 mA turned out to be amply sufficient. The i n t e r m e -
dia te acce le ra t ion voltage was supplied by a 10 kV, r e v e r s i b l e pola-
r i ty , high voltage unit , made by the Zen t ra lwerks ta t t GmbH, Göt t ingen/ 
Germany , th is unit, avai lable form a prev ious pro jec t , was cer ta in ly 
overd imens ioned , as the cu r r en t demand was ve ry smal l , and v a r i a -
t ions of s e v e r a l % could be to l e ra t ed without any effect on the coun-
ting efficiency. 
High voltage for the photomul t ip l ier was taken from the 
s tandard mul t ip l i e r supply in the CH-4 m a s s s p e c t r o m e t e r . 
Const ruc t ional deta i ls of the Detec tor 
Gene ra l 
F i g . 1 shows a schemat ic r ep re sen ta t ion of the de tec tor , on 
which a l l e s sen t i a l e lements a r e drawn to s ca l e . 
The convers ion e lec t rode (11) was made from Dura luminium 
(AlMg3), highly pol ished by mechan ica l m e a n s , the final pol ish being 
done with a household me ta l pol ish p a s t e . Cup (9), cover (10), sc in-
t i l l a to r cup (19), as well as the housing and f langes, w e r e made from 
s t a in le s s s tee l , e lec t ro ly t ica l ly pol ished. Cup, cover , and sc in t i l l a tor 
cup w e r e given a final mechan ica l pol ish with N r . 400 e m e r y cloth. 
The in su la to r s 12, 13, and 16 a r e high puri ty a lumina. 
The conductance of the tubular connection through 7 to the 
m a s s s p e c t r o m e t e r ana lyzer is so smal l , that a s epa ra t e pumping 
sys tem i s ind ispens ib le . A 15 l / s Vac-Ion ion-ge t te r -pump is connect-
ed to the housing through an optical ly dense baffle, blackened i n t e r n -
al ly with gold black (Fig . 4) . The sc in t i l l a to r (18) is sealed to the 
- 9 -
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Fig . 1 Slightly schemat ized c r o s s - s e c t i o n of the modified 
scinti l lat ion de tec tor . 
1 : incident ion beam, 2 : secondary e lec t ron beam, 3 : col lector 
defining sl i t , 4 : secondary e lec t ron s u p p r e s s o r for F a r a d a y cup 
col lec tor , 5 : F a r a d a y cup col lector , with r e t r ac t ab l e bottom, 
6 : beam centering p la tes , 7 - 8 : two element tube lens , 9 : cup 
at in te rmedia te - EHT, 10 : cover , 11 : conversion e lec t rode , 12 : 
60 kV alumina insulator; ' vacuum tight, 14 : EHT cable, coaxial , 
15 : spring loaded cup "contact, 16 : 15 kV alumina insula tor , vacuum 
tight, 17 : in te rmedia te - ΕΗΓ connector , 18 : aluminized scint i l la tor 
foil on light guide, 19 : sc in t i l la tor cup (at ground potential) , 20 : 
inner magnet ic shielding at photocathode potential (negative HT), 21 : 
outer magnet ic shielding at ground potential , 22 : Armco disc for 
magnet ic shielding of the photocathode, 23 : photomult ipl ier (56 AVP 
or 56 DVP-03) 
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cup (19) with an indium wire gasket, the scintillator cup (19), the 
10 kV insulator (19), the 10 kV insulator (16), as well as the flange 
on which the insulator (13) with the cup (9) is mounted, are sealed 
with Viton gaskets. 
Conversion electrode 
Several conversion electrode shaped were tested (Fig. 2 
and 3). The original shape (Fig. 2 A) showed a sharp increase in 
background counting rate when the conversion voltage was made to 
exceed - 40 kV. This was thought to be due to luminous pre-break-
down discharges along the insulator surface. The shape of Fig. 2B, 
chosen such as to minimize surface charge build-up at the insulator 
near the cathode ,gave a marked improvement. The best results were 
obtained with the shape of Fig. 2 C. Advancing the conversion elec-
trode (Fig. 2 D) blurred the secondary electron image on the scintil-
lator. 
Attempts to focus ths image by means of a concave conver-
sion electrode were only moderately succesfull. Tests were made with 
concave spherical radii of 15, 22, and 30 mm (Fig. 3). 15 mm gave 
overfocusing, 30 mm under-focusing, whereas with 22 mm the spot 
position on the scintillator remained stationary, when, with -60 kV 
conversion voltage, the cup voltage was varied from -6 . 5 to -9 kV. 
Due to mechanical asymmetry or stray magnetic fields, however, the 
spot was not centered on the scintillator. Moreover, when a minor 
breakdown occurred with the concave 22 mm electrode, - 60 kV con-
version voltage being applied through a 100_MegOhm ser ies res is tor , 
the focused secondary electrons destroyed the scintillator dramatical-
ly, with a flat face electrode (Fig. 3C) a similar event did not des-
troy the scintillator. 
' Ion-Gett er -Pump Interference 
A 15 l / s Vac-Ion pump, branched directly to the detector 
11 
COVER at INTERMEDIATE -EHT 
INCIDENT ION BEAM AXIS 
CONVERSION ELECTRODE at -EHT-
INSULATOR 1 Ç7777X I 
Km 
F i g . 2. Conversion e lec t rode shapes . 
The bes t r e su l t s were obtained with the shape c, which was re ta ined 
in the final ve r s ion . 
ICm 
Fig . 3 . Hollow conversion e lec t rodes focused the secondary e lec t ron 
beam, but p resen ted additional haza rd for the sc in t i l la tor . Optimum 
focusing was obtained with 22 m m rad ius . 
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housing, injected a background of about 10 c / s at a p r e s s u r e of 
-7 
2 χ 10 T o r r . A grounded fine mesh gr id , mounted in the pump 
a p e r t u r e had essent ia l ly no effect at a l l . A right angle bend or valve 
reduced this in te r fe rence only by a factor 10. An optically dense baf­
fle gave a reduction by a factor 500. Blackening the i n t e r io r surfaces 
with gold black (Fig. 4) (gold evaporated in an a tmosphe re of 1 T o r r 
5 
Argon) ra i sed the attenuation factor to 10 , which was considered suf-
-7 ficient, as the usual operat ing p r e s s u r e is well under 10 T o r r . 
F ig . 4. Baffle for the suppress ion of ion-g ett e r -pump in te r fe rence . 
The inner surfaces (#) a r e blackened with gold black. In ter ference 
5 
attenuation factor ca. 10 . 
The in te r fe rence should not be causedby charged pa r t i c l e s 
from the pump discharge! ' as it i s unaffected by a high negative or 
posi t ive potential ori" the baffle d i sc . It is not caused by light quanta 
from the pump, that reach the photomult ipl ier d i rec t ly , as it is only 
seen when a high negative conversion voltage is applied. It is thought 
to be due e i ther to UV quanta, or to excited neu t r a l s , that eject elec­
t rons on impact with the conversion e lec t rode . 
13 
Vacuum 
After a mild bake-out (40-50 C) a (pump) p r e s s u r e of 2 χ 
- 8 
10 T o r r i s obtained, notwithstanding the p r e s e n c e of the (alumin-
ized) p las t ic sc in t i l la tor . 
Scint i l la tor and Light Guide 
Two makes of c o m m e r c i a l fast p las t i c sc in t i l l a tors have 
been used , Naton 136 (Thorn E lec t ron ic s Ltd), and NE-104 (Nuclear 
E n t e r p r i s e s Ltd), both as solid m a t e r i a l , and as thin foil of 0. 2-
0. 3 m m th i ckness . 
The solid m a t e r i a l turned out of be difficult to polish, it 
showed a " s m e a r y " behavior (more so than p lexig lass which pol i shes 
quite well) , and should p r e sen t the disadvantage of being much 
th i cke r than the penet ra t ion depth of 60 kV e lec t rons ( ^ 0 . 1 mm) . 
However with such a g a i n / d i s c r i m i n a t o r set t ing, that the photomul­
t ip l i e r da rk pulses w e r e not detected, ne i the r the solid m a t e r i a l nor 
the 0 . 2 - 0 . 3 mm foil did contr ibute to the background. We used the 
foil, which was cemented on a p lexig lass d i sc with light guide (Fig. 
5). None of the cementing techniques t r i ed was completely sat isfact­
o ry . The bes t r e su l t s were obtained with NE-580 two-component 
opt ical cement (Nuclear E n t e r p r i s e s Ltd). A v iscous solution of 
p lex ig lass in chloroform, or Eas tman Cement N r . 910, both gave 
l e s s sa t i s fac tory r e su l t s : ini t ial ly the joints appeared c o r r e c t , but 
af ter a few days smal l c r acks a n d / o r milky clouds developed. 
Reasonable joints were a l so obtained with Canada Ba l sam, which did 
not set sufficiently, however . 
The plexiglass light guide of to ro ida l shape approx imates 
the ideal logar i thmic sp i ra l , and is much e a s i e r to r ea l i ze . At tempts 
to make the light guide from polyvinyltoluene (the solvent of the p l a s ­
t ic sc int i l la tor) failed, as it was imposs ib le to polish it well enough 
because of i ts " s m e a r y " behavior . 
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Fig . 5 : Scinti l lator and light guide 
1 : sc int i l la tor cup, 2 : a luminized sc in t i l la tor foil, 
3 : pe r spex light guide, 4 : th readed retaining r ing, 5 : indium wire 
sea l , 6 : Armco disc for magnet ic shielding of the photocathode, 
7 : optical coupling liquid, 8 : photocathode of photomult ipl ier . 
with 
The sc int i l la tor was coated a 500 A aluminium layer in a 
-5 vacuum of 2 χ 10 T o r r or be t te r . At f i rs t , the th ickness of the 
coating was controlled by "weighing" it with a quar tz c rys t a l mounted 
as ide the subs t ra te . Then it was found, however , that a coating with 
a reflection and t r a n s p a r e n c e apparent ly equivalent to that of a weighed 
layer of 500 A + 20 % could be obtained by a quick to ta l evaporat ion 
of a weighed amount of a luminium from a flat tungsten boat s t ra ight 
under the subs t ra te , assuming a cosine dis t r ibut ion to de te rmine the 
amount of aluminium to be f lashed. 
In ear ly exper iments with Naton 136, a slow decay was 
observed of the light emiss ion after a strong ion beam was switched 
off abruptly. An apparent ly exponential decay occur red with a t ime 
constant (reduction by a factor e), that depended on the mul t ip l ie r gain 
­ 15 
and d i s c r i m i n a t o r sett ing, and that was as long as 1. 2 seconds for a 
gain such that the mul t ip l ie r da rk pu l ses w e r e jus t e l iminated. At 
lower gain, the apparent t ime constant d e c r e a s e d , amounting to 30 m s 
unde r n o r m a l operat ing condit ions. Visual inspect ion showed this 
"af terglow" to be g reen i sh­ye l low, in cont ras t to the blue light of the 
sc in t i l la t ions . 
Subsequent expe r imen t s with.NE­104 did not show this phe­
nomenon, an upper l imit for any afterglow decay constant could be set 
at about 1 m s . However, in one of the l a t e r exper imen t s , a d i scha rge 
o c c u r r e d , which par t i a l ly damaged the thin aluminium coating on the 
sc in t i l l a to r . Subsequently, a slow decay with an apparent t ime constant 
of 0. 2 s was a lso observed in NE­104. Consequently, at l eas t in this 
c a s e , the afterglow phenomenon s e e m s to be re la ted to slow e l iminat ­
ion of the charge accumulated during the s t rong excitation, r a t h e r 
than to an inherent radiat ion t r a n s f e r p rope r ty of the sc in t i l l a tor i t ­
self. 
Pho tomul t ip l i e r and pulse shaping 
The photomult ipl ier 56AVP (Radiotechnique/Valvo) proved 
to be sa t i s fac tory . A somewhat be t t e r s igna l ­ to ­no i se ra t io at high 
gain set t ings was obtained with the 56DVP­03 of the same manufact­
u r e r . 
The pulse durat ion at the mul t ip l i e r output was too long t ■ 
exploit fully the avai lable fast e l ec t ron ic s . It was found poss ib le to 
5) reduce this pulse durat ion by means of a pass ive f i l ter of 50 Ohm 
i t e ra t ive impedance , located in the mul t ip l ie r housing. The f i l ter r e ­
duces the charge p e r pulse by about a factor 4, which can readi ly be 
compensa ted by an i n c r e a s e in mul t ip l ie r gain. It proved to be impor t ­
ant to use low inductance carbon r e s i s t o r s for the f i l ter as well as 
for the final s tages of the mul t ip l ie r b l eede r chain. The improvement 
obtained is shown in F i g s . 6 and 7. , F ig . 8 shows the f i l ter , F ig . 9 
the b leede r . F o r these m e a s u r e m e n t s , the sc in t i l l a tor was excited 
- 16 -
d i rec t ly with a ß - e m i t t e r (Tl-204), such as to min imize the spread in 
pulse shape in view of the detection with a sampling osci l loscope. 
F ig . 6. Output pulse at the photomult ipl ier anode, without pass ive 
f i l ter , sc in t i l la tor in mounting of F ig . ^ e x c i t e d with ß- rad ia t ion . 
Scint i l la tor : NE-104 
Photomul t ip l ie r : 56 AVP 
Excitat ion : Tl -204 
Horizontal : 4 n s / c m 
Ver t i ca l : 100 m V / c m (50 Ohm) 
Photomul t ip l ie r voltage : -2016 V on b leeder chain of F ig . 9. 
The light guide concent ra tes the light on a c i r c u l a r spot 
of 10 mm d i ame te r . It should be poss ib le to reduce the effective pho-
tocathode a r e a by making the focusing e lec t rode Foe in the mul t ip l ie r 
negat ive with respec t to the cathode K. However, when doing so, no 
i n c r e a s e in s igna l - to -no i se rat io was observed exper imenta l ly , not 
even at gain set t ings so high, that the mul t ip l ie r da rk pulses were 
counted. 
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Fig . 7. Output pulse at photomult ipl ier anode, with pass ive f i l ter 
(Fig. 8), obtained under s i m i l a r conditions as F ig . 6. 
Scint i l la tor : NE­104 
Photomul t ip l ie r : 56 AVP 
Exci tat ion : T l ­204 
Hor izonta l : 2 n s / c m 
Ver t i ca l : 100 m V / c m (50 Ohm) 
Photomul t ip l ie r voltage : ­2083 V on b leede r chain of F ig . 9. 
(50 Ω) 
Fig . 8. P a s s i v e f i l ter for pulse shortening. 
All r e s i s t o r s a r e l / 4 Watt low inductance type. 
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F i g , 9. Bleeder chain for the photomult ipl ier 56 AVP (56 DVP­03). 
The r e s i s t ances marked with a n * a r e low inductance type l / 4 Watt. 
Number of Pulses Between h and h+dh 
-*· Pulse Height 
Fig . 10. P u l s e height spec t rum from scinti l lat ion de tec tor . 
Exci tat ion : 3 kV Xe ­ ions , conversion voltage :­50 kV. 
Units a r b i t r a r y . 
P u l s e height dis t r ibut ion 
The m o r e favourable pulse height d is t r ibut ion of the 
scint i l la t ion de tec tor was verif ied exper imenta l ly with a mult ichannel­
ana lyze r . Even without the f i l ter of F ig . 8, the pulse durat ion was 
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too shor t for co r r ec t operat ion, and had to be lengthened by a pulse 
s t r e t c h e r . The counting ra t e had to be l imi ted to ve ry low va lues . The 
pu lse height spec t rum obtained i s shown in F ig . 10. It i s to be com-
pa red with F ig . 11, which shows the spec t rum obtained under s i m i l a r 
conditions from a s tandard open secondary e lec t ron mul t ip l ie r . As 
both spec t r a a r e r ep re sen t ed in a r b i t r a r y un i t s , only the genera l 
appea rance of the curves is to be compared . It should be noted, that 
the pulse s t r e t c h e r a n d / o r the pulse height ana lyzer did not pe r fo rm 
complete ly sa t i s fac tor i ly , in p a r t i c u l a r , it was not poss ib le to locate 
the ze ro on the pulse height axis accura te ly , and the l a rge sha rp 
peak n e a r ze ro pulse height might be due to i n s t rumen ta l defects . The 
shaded pa r t of i t , named "background", was r eco rded during a sub-
sequent counting per iod of equal length, with the ion beam suppressed 
but al l o ther conditions remaining unchanged. 
F r o m F ig . 10 it can be es t imated , that the d i s c r i m i n a t o r 
and gain can be set such as to e l iminate v i r tua l ly al l background, 
whilst re taining a counting efficiency of wel l over 95 %. Unfortunately, 
a slight instabi l i ty in the m a s s spec t romete r source control did not 
allow a d i rec t m e a s u r e m e n t of the counting efficiency, which could be 
de te rmined by comparing the observed counting ra te from a s table 
beam, with the in tegra ted cu r ren t of a F a r a d a y cup ahead of the sc in t -
il lation de tec to r ( (5) in F ig . 1). 
F a s t e lec t ron ics 
The pulses from the f i l ter output a r e fed into a fast charco 
sens i t ive ampl i f ier , followed by a d i s c r i m i n a t o r with fixed th reshold 
and a sca le of 10, al l of which a r e contained in a sma l l me ta l box, 
fitted d i rec t ly to the mul t ip l ie r housing. This unit (Zehn. Nr . 42306-
19) was designed special ly for this purpose by F r i e s e k e + Hoepffner 
GmbH, E r l a n g e n - B r u c k / G e r m a n y . The equivalent input sensi t ivi ty is 
10 e lec t ron charges , the t ime resolut ion, t e s ted with a pulse gene-
r a to r , is be t te r than 10 n s . The ampl i f ier c o m p r i s e s a ze ro level 
r e s t a u r a t i o n c i rcui t to avoid p i le -up , the equivalent d i s c r i m i n a t o r 
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stabi l i ty, r e f e r r ed to the input, should be be t t e r than + 2 %. The 
sca le of 10, which is ne i the r r e se t no r read­out , r e su l t s in a l a rge 
d e c r e a s e in bandwidth requ i red in the subsequent counter , and furn­
ishes a digital signal level , high enough to make the unit insens i t ive 
to d i s tu rbances such as switching t r a n s i e n t s . A Tes l a d i scha rge 
(Leybold High Frequency Vacuum Tes t e r ) can be sprayed d i rec t ly on 
the ampl i f ier box without any a dve r s e effects. 
Number of Pulses 
Between h and h+dh 
'Background 
—■ Pulse Height .h . 
F i g . 11. P u l s e he igh t s p e c t r u m f r o m s t a n d a r d s e c o n d a r y e m i s s i o n 
m u l t i p l i e r . E x c i t a t i o n : 3 kV Xe ­ i o n s , F i r s t dynode at ­ 2 kV. 
U n i t s a r b i t r a r y . 
D a t a c o l l e c t i o n 
F o r d a t a c o l l e c t i o n , p a r t of a s y s t e m w a s u s e d , t h a t w a s 
d e v e l o p e d in t h e L a b o r »fus E l e k t r o n i k , G e s e l l s c h a f t für K e r n f o r s c h u n g , 
6) , , 
K a r l s r u h e ' . A s h o r t d e s c r i p t i o n fo l lows b e l o w s (See F i g . 12) : 
21 
MASS SPECTROMETER ANALYZER 
: DATA FLOW 
: CONTROL INFORMATION 
Fig . 12. Schematic r epresen ta t ion of the data collection sys t em. 
A control logic d i r ec t s the output of the sca le of 10 
a l te rna t ive ly to e i ther one of two coun te r s ; whilst counting occurs in 
one counter, the contents of the other a r e read out and punched in 
pape r tape , after which that counter is r e se t . The punch is a Tally, 
Model 420, 75 c h a r . / s e c . The p resen t logic punches 4 c h a r a c t e r s of 
a d r e s s and control information plus 6 dec imal c h a r a c t e r s p e r counting 
in te rva l . Counting is s ta r ted after a s t a r t pulse der ived from the 
magnet scanning control of the m a s s s p e c t r o m e t e r , af ter which a 
fixed number of 400 points or in te rva l s a r e counted. The punch l imi ts 
the min imum counting t ime p e r point to 0. 3 seconds , which setting 
was used in all exper iments . A s imple mechanica l t iming control 
s t a r t s the scanning xe petit ively at 128 s. in te rva l s . 
The p resen t control unit had been designed as a prototype. 
Unfortunately, it is wasteful in tape (producing 10 m e t e r s p e r scan), 
and lacks flexibility because of the l imited speed and the fixed number 
of points p e r scan. 
Data Reduction 
A computer p r o g r a m (DATA 3 - DATA 4) was wr i t ten for 
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the IBM­1130 digital computer . This p r o g r a m i s an adaptat ion of the 
7) DATA 1 ­ DATA 2 p r o g r a m , which digest s m a s s spec t r a recorded 
on pape r tape through a "da tapr in t " digi tal vo l tme te r (Varían MAT, 
Β r em en /Germany) . 
An ana lys i s o r run cons i s t s of a s e r i e s of up to 12 suc ­
ce s s ive s cans . On the output tape, a separa t ion between that las t 
scan of a run and the f i r s t scan of the next run, is made by manual 
in te rvent ion . In shor t , the p r o g r a m s p e r f o r m s the following opera t ions : 
1. The p r o g r a m can accept up to 8 success ive runs on one 
continuous tape . It r eques t s at f i r s t the " label da te" , consis t ing of 
the n u m b e r of runs , date , ana lys i s n u m b e r s , e lement n a m e s , m a s s e s , 
w r i t e s t he se in a file on the d i sc , and r e t r i e v e s them as n e c e s s a r y 
for the p rocess ing of the subsequent runs . 
2. The peaks a r e a s s u m e d to be f lat­ topped, the top slope 
mus t not n e c e s s a r i l y be z e r o . The flat top range is not constant , but 
depends on the resolu t ion and the source se t t ings . The p r o g r a m a c ­
cepts a s ingle slow scan, p re fe rab ly of one peak, to ex t rac t a peak 
shape . This ca l ibra t ion should be specified accordingly by reques t ing 
only one m a s s . Straight l ines a r e fitted i t e ra t ive ly through the base 
l ine and top reg ions . The peak shape, defined as the top slope t i m e s 
the half width divided by the peak height, as well as the range of the 
flat top, a r e r eco rded on the d isc for l a t e r r e fe rence . 
3. The tape is read scan by scan, checking for code e r ­
r o r s . In the f i r s t scan of each run, the highest peaks a r e sea rched , 
unti l the n u m b e r reques ted in the label has been found. The peak po­
s i t ions a r e checked against the specified m a s s e s for m a s s sca le 
cons is tency . Through each flat top range , a s t ra ight l ine is fitted 
i t e ra t ive ly with the slope imposed by the la tes t peak shape ca l ibra t ion . 
In subsequent s cans , peaks a r e only sea rched in the regions around 
the prev ious ly found peak pos i t ions . 
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4. The peak ·he igh t s a r e l inear ly in terpola ted to the s t a r t -
ing point of each scan, from the second scan onward, to c o r r e c t for 
ion cu r ren t decay. The isotope ra t ios a r e computed, applying " m a s s 
d i s c r i m i n a t i o n " co r rec t ion fac to r s , r e t r i eved from a file on the d isc , 
for the e lement and m a s s e s in quest ion. The isotope r a t i o s a r e 
checked for ou t l i e r s , applying the Dixon out l ie r c r i t e r ion . 
5. The pr in ted output cons is t s of a heading with the " label 
da ta" , followed by the mean isotope r a t i o s , and isotope pe rcen t ages 
(a tomic and by weight), toge ther with the cor responding s tandard 
deviat ions computed from the sp read of the r e su l t s from the s u c c e s -
s ive s cans . 
Resu l t s of Isotope Ratio M e a s u r e m e n t s 
1. Xenon. 
Xenon was se lec ted , because al l in ter fer ing background 
peaks could be reduced to a negligible level by bake-out of the ion 
s o u r c e region and ana lyzer at 200-300 C. The m a s s spec t rum was 
r eco rded at s e v e r a l different inlet p r e s s u r e s , whilst retaining a l l o ther 
p a r a m e t e r s constant . The computed isotope r a t ios , r e f e r r e d to m a s s 
124, w e r e divided by the i r va lues from the l i t e r a t u r e , and a r e plotted 
a s a function of the observed counting ra t e in F ig . 13. 
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Fig . 13. Normal ized Xe isotope ra t ios as a function of the counting 
ra t e of the major i sotope. The a b s c i s s a shows the rat io of the 
abundance of the indicated isotope to that of Xe-124, divided by the 
9) correponding ra t io computed from l i t e r a t u r e ' va lues . 
Th is "normal ized r a t io" can be reduced to unity + 0. 7% 
(Fig. 14), when the counts collected in the t ime t a r e co r rec ted by 
the following (exper imental ) formula : 
Ν = Ν , 
c o r r obs 
■where : 
1 + A exp (­B Ν . / t ) obs ' 
1 ­ Ν , *C/t + C(N . /t)1 obs ' λ obs7 ' 
(1) 
Ν , , Ν a r e the observed and co r r ec t ed counts 
obs c o r r 
t i s the counting t ime in seconds 
A = 0. 04 
B = 0.16 s. 
K « 25 .2 χ I O ' 9 
C = 0.86 χ 1 0 " 3 6 s 6 
Η can be in te rp re ted as a dead t ime . The meaning of the exponential 
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cor rec t ion in the numera to r i s not c l ea r . The s ix th -power -co r r ec t i on 
with coefficient C might be due to imperfect base line stabil izat ion in 
the preampl i f ie r , together with imperfect matching, allowing r e ­
flections to be counted when the base line is shifted due to pile up 
at high counting r a t e s . 
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COUNTING RATE OF MAJOR ISOTOPE (UNCORRECTED) [Mc/s] 
Fig . 14. Normal ized Xe isotope r a t ios , r ep resen ted in the same way 
a s in F ig . 13, but applying the indicated cor rec t ion formula to the 
observed counting r a t e . 
Ν « number of ions counted during t ime t. 
A = 0. 04 
Β = 0.16 sec . 
C = 0. 86 x 10" sec 
= 25. 2 nsec 
2. Rhenium, Tungsten. 
The m a s s spec t rum, obtained through thermionic 
ionisat ion of the filament m a t e r i a l was recorded at different t em­
p e r a t u r e s . The r e su l t s , co r rec t ed through express ion (l), a r e r e ­
presen ted in Tables 1 and 2, in which NS is the number of scans , 
CR (i) i s the co r rec ted counting ra te on peak i (mean value) (in M c / 
s ) , and the e r r o r l imi ts a r e the s tandard deviations from the spread 
of the ra t ios from the success ive scans , re fe r r ing to the single 
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m e a s u r e m e n t r a t h e r than the mean . 
3 . Na tu ra l Uran ium. 
A sample of na tu ra l u ran ium (about 1 ug), was ana l ­
yzed with a two-f i lament c a r t r i d g e . The r e su l t s a r e shown in Table 
3. The counting r a t e s have a lso been c o r r e c t e d through formula (1). 
Discuss ion . 
Despi te a low backgroung counting ra t e and an emp i r ­
i ca l "dead t i m e " co r r ec t ion formula (l) that s e e m s to hold up to 5 
M c / s , a s c a t t e r of the r e su l t s of about + 1 % p e r s i s t s . This i s a lso 
ref lected in the s tandard deviat ions of the single m e a s u r e m e n t s , de­
r ived from the r e su l t s from success ive scans . The m e a s u r e d 187/ 
185 ra t io in rhenium is about 2 % lower than the l i t e r a t u r e value, 
th is d i sc repancy is cer ta in ly l a r g e r than any co r r ec t ion for " m a s s 
d i s c r i m i n a t i o n " der ived from in tegra ted ion beam m e a s u r e m e n t s . The 
low va lues for the 180/183 ra t ios in tungsten, as well as the high 184/ 
183 ra t io of the las t tungsten run, r emain unexplained. 
-15 , . 
F o r ion c u r r e n t s exceeding about 10 A or 6 k c / s , 
the s c a t t e r from the p re sen t scint i l lat ion de tec to r counting sys tem i s 
definitely w o r s e than the reproducibi l i ty obtained with a good s tandard 
e lec t ron mul t ip l i e r , the output of which is in tegra ted before fur ther 
p roces s ing . The or igin of the s c a t t e r could not be t r a c e d definitely. 
P a r t of the s c a t t e r could a r i s e from instabi l i ty in the m a s s s p e c t r o ­
m e t e r itself. 
On the other hand, the las t u r an ium run d e m o n s t r a t e s 
the potent ial usefulness of ion counting for the m e a s u r e m e n t of very 
smal l ion c u r r e n t s . The intensi ty of the U-235 beam was only 3 χ 
-17 10 A or 200 c / s . The scan speed was such that the top of the peak 
was m e a s u r e d during about 3. 3 seconds p e r scan. Consequently, a 
s t a t i s t i ca l sp read of 4 % could be expected, which is not exceeded in 
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the actual exper iment . 
Compar i son of scint i l la t ion de tec tor v e r s u s open mul t ip l ie r with 
with subsequent digitization 
The a l t e rna t ive open mul t ip l i e r sys t em that i s to compared 
with the scint i l la t ion de tec to r sys tem as used in the p resen t inves -
t igat ion, i s supposed to consis t of a housing with an open mul t ip l i e r , 
the output of which is digi t ized with a vol tage to frequency conver-
t e r . The o ther i t e m s , such a s the col lec tor slit sys tem, the n e -
gat ive high voltage for the mul t ip l i e r , and the data collection sys t em 
(counte r s , control logic, output unit such as tape punch) a r e sup-
posed to be ident ical for both a l t e rna t ives , and do not enter in the 
compar i son . 
1. Equipment cost 
Scint i l lat ion Detec tor 
De tec to r sys t em 
Pho tomul t ip l i e r 
- 60 kV supply 
- 10 kV supply 
100 M c / s E lec t ron ic s 
( P r e - a m p l i f i e r , D i s c r i m -
ina tor , Scale-of-10) 
g1 2500 
S" 150 
g" 750 
0 250 
$ 1250 
Open Mult ipl ier 
Housing $ 250 
Open Mult i -
p l i e r $ 625 
V / F C o n v e r t e r ^ 750 
3" 4900 g" 1625 
2. Reliabi l i ty 
The addit ional uni ts r equ i red for the scint i l la t ion de tec tor 
sys t em r e p r e s e n t poss ib le s o u r c e s of trouble. When assembl ing the 
de t ec to r sys t em, ex t r eme c a r e mus t be taken to a s s u r e c leanl iness 
and absence of dust , m o r e so than with the open mul t ip l ie r . Minor 
contaminat ion may be cleaned by a gas d i scha rge in about 1 T o r r 
Helium or Argon ' . The open mul t ip l ie r , on the other hand, may 
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Table 1 
Rhenium Isotope Rat ios 
187/185 
1.663 + 0.023 
1.653 + 0.023 
1.662 + 0.003 
1.659 + 0.013 
1.698 
NS 
6 
5 
5 
4 
CR(187) 
0.41 
0.43 
0.23 
6 .3 
L i t e r a t u r e 9) 
Table 2 
Tungsten Isotope Rat ios 
180/183 
0.00814 
+ 0. 00021 
0.00833 
+0. 00013 
0.00846 
+ 0. 00038 
0.00938 
182/183 
1. 848 
+ 0. 018 
1. 855 
+ 0. 023 
1. 828 
+ 0. 025 
1. 834 
184/183 
2.137 
+0. 020 
2.130 
+0. 025 
2.226 
+ 0. 030 
2.128 
186/183 
1.959 
+0. 030 
1.956 
+0.028 
1.985 
+0.080 
1.973 
NS 
7 
9 
6 
CR(184) 
0. 23 
1. 00 
1.15 
L i t e r a t u r e 9) 
Table 3 
Na tu ra l Uranium Isotope Rat ios 
235/238 
0. 007197+0. 000109 
0.007121+0.000110 
0.00746+0.000145 
0. 007258 
NS 
8 
7 
4 
CR (238) 
0.27 
0. 30 
0. 027 
L i t e r a t u r e 9) 
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be cleaned by baking at high t e m p e r a t u r e s , the remova l of n o i s e -
provoking deposi ts on insu la to r s not n e c e s s a r i l y being as effective, 
as the s ignal path from mul t ip l i e r to output does not contain a 
d i s c r i m i n a t o r . When e l ec t r i c a l breakdown is avoided, the sc in t i l -
lat ion de tec to r is quite insens i t ive to over load from high ion cu r -
r e n t s . The life of the open mul t ip l ie r i s seve re ly l imited under 
t he se condit ions. Overload of the photomul t ip l ier r e su l t s in an in-
c r e a s e of background, p a r t of which r e s t o r e s with t i m e . Exchanging 
the photomul t ip l ier is a s imple p rocedu re , without breaking the 
vacuum. 
3. Reproducibi l i ty 
The scint i l la t ion de tec to r shows a s c a t t e r of the r e s u l t s of 
roughly + 1 %, which s e e m s to be independent of the counting r a t e , 
f rom 400 c / s , up to 5 M c / s . This c o m p a r e s unfavorably -with the 
reproducib i l i ty of + 0. 3 - 0. 5 %, obtained with a s tandard open 
mul t ip l i e r for a l l but the weakes t ion b e a m s . F o r ion b e a m s ex-
-15 . . 
ceeding 10 A o r 6000 c / s , the s tandard mul t ip l i e r i s m o r e a c -
c u r a t e . F o r weake r b e a m s , d i r ec t counting offers an advantage, 
although pa r t of the s c a t t e r from the s tandard mul t ip l ie r can be 
e l iminated through adaptat ion of the m e a s u r e m e n t technique (longer 
in tegra t ion t i m e s , ra t e -o f -charge methods) . 
Conclusion 
Unless fur ther work p roves succesful , that should e l iminate 
the p r e sen t + 1 % s c a t t e r in the scint i l la t ion de tec to r counting r a t e s , 
that de tec to r s e e m s to be in fe r io r compared to the s tandard e lec -
t r o n mul t ip l i e r , on account of i t s lower reproducibi l i ty and i t s h igher 
cost and complexity, for a l l appl icat ions involving ion c u r r e n t s in 
-15 
excess of 10 A. 
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T h e a s s i s t a n c e of M r . G. Bo t t i n i in t h e c o n s t r u c t i o n of t h e 
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